Centers for Disease Control and Prevention

National Center for Emerging and Zoonotic Infectious Diseases

Overview of Carbapenenresistant Organisms

Sam Cincotta, PharmD, MSc

Antimicrobial Resistance Team

Division of Healthcare Quality and Promotion
Centers for Disease Control and Prevention



Battling multidrugresistant organisms (MDROS)
Spread In Three Steps

From Previous Webinars

1. Identify as many people as possible who are infected or colonized with
MDROSs in a region

2. Have good baseline infection control practices and use the recommendec
Infection control practices for people with MDROs in healthcare facilities

3. Communicate to other facilities about people with known MDROs at
transfer



Emerging CarbapenefResistant Organisms

CatlbapenenrResistant _ Multidiug-Resistant
Enterobactetales Pseutiomonas aemsgmosa Acinetobagter

https://www.cdc.gov/drugresistance/pdf/threatseport/2019-ar-threats-report-508. pdf
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Define common abbreviations
Describe carbapenem antibiotics

Describe types of pathogens and resistance mechanisms
Describe laboratory testing of carbapenaasistant organisms
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Attack of the abbreviations!



Multidrug-resistant organisms

A Methicillin-resistant
Staphylococcus aureus
(MRSA)

A Vancomycimresistant
Enterococci (VRE)

A extendedspectrum
beta-lactamases
(ESBLs)
> A Clostridioidedlifficile
(C. Difj

A Candida aurisQ. auri}

A Carbapenenresistant
Enterobacterales (CRE)

A Carbapenenresistant
Pseudomonas
aeruginosa(CRPA)

A Carbapenenresistant
Acinetobacter
baumannii (CRAB)




CRO versus CPO

ACRO: CarbapenetResistant Organism

AAny organism resistant to carbapenem
antibiotics regardless of having a
carbapenemase or not

ACPO: Carbapenemag&roducing Organism

AAny organism that produces a
carbapenemase making them resistant
to carbapenem antibiotics

AA special subset of Carbapenem
Resistant Organisms




CRO versus CPO

A CarbapenerResistant Organisms (CRO)
A CRAB: CarbapenerasistantAcinetobactebaumannii
A CRPA: CarbapenerasistantPseudomonas aeruginosa

A CRE: Carbapenerasistant Enterobacterales
A ExamplesEscherichia cofE. coli) andlebsiella pneumoniae

A Carbapenemase Producing Organisms (CPO)

A CRCRABCarbapenemas®roducing Carbapenemesistant
Acinetobactebaumanni

A CRCRPACarbapenemas@roducing Carbapenenesistant
Pseudomonas aeruginosa

A CRCRECarbapenemas®roducing Carbapenenesistant
Enterobacterales




Common Carbapenemases

A KPC; Klebsiella pneumoniagarbapenemase
ANDM - New Delhi Metallebeta-lactamase

AVIM - Verona IntegrorEnconded Metalldeta-lactamase
A IMP - activeon-imipenemmetalloi -lactamase
A OXA- Oxacillinase

Highly
drugresistant




Carbapenem Antibiotics



Antibiotics

A Drugs that treat infections by killing or
slowing the growth of bacteria

A Target specific parts or processes of
susceptible germs

A Common targets
A Cell wall or membrane

A Protein synthesis
A DNA replication
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I -lactam Antibiotics P A
¢ . .y - . enicillins Cephalosporins
A Commonly prescribed antibiotics p .
A Examples I:_.. . ::‘.
- - 4

A Penicillins o ) A

A CephalOSpOrlnS Carbapen;s Monobactams

A Carbapenems j -lactam Antibiotics

A Used to treat a wide range of bacterial infections
A Target cell wall synthesis




Carbapenem Antibiotics

Ertapenem

Ertapenem for
Injection

B 1 gram/vial R

For Intravenous or Intramuscular Use
Each vial contains: 1.046 grams ertapenem
sodium, equiv. to 1 gram ertapenem.

Prior to Constitution: Store lyophilized
powder below 25°C (77°F).

Meropenem

Meropenem for
Injection, USP

500 mg per vial

Meropenem Equivalent

For Intravenous
Use Only Rx Only

Imipenem

Imipenem and Cilastatin
for Injection, USP (1.V.)

250 mg/ 250 mg* per vial

*Each vial contains: Imipenem 250 mg
(Anhydrous Equivalent) and Cilastatin
Sodium equivalent to 250 mg of Cilastatin
CAUTION: SINGLE-DOSE VIAL

NOT FOR DIRECT INFUSION

| FOR V. USE ONLY [ PPeTY




Carbapenem Place in Therapy

A Antibacterial agents with a broad range

of antimicrobial activity and a critical H —(
place in therapy J> ~/

A : . Y

A Active against many organisms that are o q

resistant to other -lactam antibiotics

A Increasingly important due to increase
In resistance to other antibiotics

The carbapenem antibiotic imipenem

A Relied on to treat sickest patients and
most resistant bacteria for over 20 years




Carbapenem use

A Utilized for different infections
A Pneumonia
A Intra-abdominal infections
A Urinary tract infections
A Meningitis
A Off-label use
A Most other sites of infection

The carbapenem antibiotic ertapenen




Carbapenem antibiotics
summary

A Important subset of the betdéactam /g Hz_ —
antibiotics

- . .y - . . /—N /
AVersatile group of antibiotics with B S

activity against many graipositive and
gramnegative organisms

A Reserved for serious, resistant infections The carbapenem antibiotic meropenel

A Increasingly important due to increase
In resistance to other antibiotics




Pathogens and Resistance



Antimicrobial Resistance is One of the Biggest

Challenges of Our Time

The Threat of Antibiotic Resistance A
in the United States s N

New National Estimate*

Antibiotic-resistant bacteria and fungi cause + Clostridiodes difficile is related to antibiotic use

at least an estimated: and antibiotic resistance: %

& 2,868,700 @ 35,900 %‘gi 223,900 @ 12,800
infections deaths cases deaths

https://www.cdc.qgov/dru ' df/threatseport/2019-ar-threats-report-508.pdf



https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf

Carbapenem resistance

A Carbapenem resistant organisms include organisms |
among the most urgent threats of antibiotic resistant

organisms

A Prior to 2001, carbapenem resistance in clinical isola
was due to combination of acquired genes and
mutations

A Resistance used to be rare (~1%) and increased rapi@# X
due to the spread of carbapenemases D




Carbapenem resistance
mechanisms

1. Acquired genes and mutations that
change the cell to reduce how much

carbapenem antibiotic gets in or stays
In the bacterial cell

2. Enzymes called carbapenemases:

: . e The carbapenem antibiotic ertapenen
A Inactivate carbapenems and othiedlactam antibiotics, P P
Including penicillins and cephalosporins

A Most common carbapenemase genes:
A KPCNDM, VIM, IMP, and OXA

A Panresistant strains have been identified




Mechanisms ofCarbapenenResistance
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Porin modification:
Bacterial cell has fewer
entry points (porins)
for carbapenem

Efflux pump upregulation:
Bacterialcell adds efflux

pumps to movecarbapenem

out of the cell

| Inactivate thecarbapenem

Carbapenemasgroducing:
Bacteria makes
carbapenemase enzymes to

O

= carbapenem
() = carbapenemas




Carbapenem resistance mechanisms

CRE Technical Information | CRE | HAI | CDC


https://www.cdc.gov/hai/organisms/cre/technical-info.html#Difference

Bacterial Resistance Mechanisms

A Genetic code for some resistanc
mechanisms can be shared

A
A

On mobile genetic elements
such as plasmids

Across different strains,
species, and taxonomic

fam | I IES Transduction Conjugation Transformation
. . Resistance genes can Resistance genes can Resistance genes
W|th strains that have Not be transferred from be transferred between released from nearby
. . one germ to another germs when they live or dead germs can
been exposed to an'“ b|0t|CS via phages. connect. be picked up directly

by another germ.

Often with other antibiotic
resistance genes

Potential for rapid spread




PlasmidMediated Resistance

Horizontal gene transfer

»

Besceptible
K. pneumoniae

ResistanE. coli

Binary fission:
Vertical transmission

= plasmid with -
lactamase* gene
@ =i-actamase*

*] -lactamase: Enzyme that
inactivates -lactam antibiotics







